Hepatocellular carcinoma (HCC) is among the leading causes of cancer-related death in China. Deregulation of microRNA (miRNA) contributes to HCC development by influencing cell growth, apoptosis, migration or invasion. It has been proved that miR-940 plays important roles in various cancers. Here we investigated the role of miR-940 in HCC. We found that miR-940 was remarkably decreased in HCC tissues and cell lines. Importantly, lower miR-940 expression in HCC tissues significantly correlated with the reduced patient's survival rate. Overexpression of miR-940 inhibited HCC cell line growth and induced cell apoptosis, and vice versa. Estrogen-related receptor gamma (ESRRG) was targeted by miR-940, and suppression of ESRRG inhibited HCC cell lines growth and induced cell apoptosis. In conclusion, we found that a lower level of miR-940 in HCC promoted cellular proliferation via ESRRG, which may lead to the short survival period of HCC patients.
H epatocellular carcinoma (HCC) is among the leading causes of cancer-related death in Asia, especially in China. (1, 2) Poor prognosis makes HCC the third leading cause of cancer-related mortality, responsible for 600 000 deaths annually cross the globe. (3) Surgery is the most effective treatment with curative potential, but only 30-40% of HCC patients are diagnosed in the early stages and are candidates for potentially curative surgical therapy. Patients who have undergone radical tumor resection have a high rate of relapse, and the 5-year survival rate has been found to be only around 60% in well-selected patients. (4, 5) MicroRNA (miRNA) are a class of endogenous non-coding, single-stranded small regulatory RNA molecules, which are approximately 22 nucleotides in length. (6) Besides multiple genetic and epigenetic changes of protein coding genes in HCC, (2) growing evidence indicates that deregulation of miRNA can also contribute to HCC development by influencing cell growth, apoptosis, migration or invasion. (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) Recently, several studies have revealed the role of miR-940 in various types of cancer. Ma et al. (24) show that lower miR-940 promotes tumorigenesis in nasopharyngeal carcinoma cells via nestin. Rajendiran et al. (25) reveal that miR-940 inhibits the migratory and invasive potential of cells, attenuates their anchorage-independent growth ability, and increases Ecadherin expression in prostate cancer.
In the present study, we investigated the role of miR-940 in HCC. We found that miR-940 was remarkably decreased in HCC tissues and cell lines. Importantly, lower miR-940 expression in HCC significantly correlated with shorter survival of HCC patients. In addition, the potential mechanism and targets of miR-940 were investigated. Our results demonstrate that miR-940 may be a useful diagnostic marker as well as a therapeutic agent for HCC.
cell line L-02 were maintained in RPMI1640 with 10% FBS (PAA Laboratories, Pasching, Austria). Human HCC cell lines HepG2, Hep3B, SMMC-7721, Huh7 and normal human hepatic cell line Chang were maintained in DMEM with 10% FBS (PAA Laboratories, Pasching, Austria). Antibodies specific to estrogen-related receptor gamma and b-actin were obtained from Sigma (Beijing, China).
RNA quantification. Expression of miR-940 was assessed using a mirVana qRT-PCR miRNA Detection Kit (Ambion, Austin, TX, USA). The primers were designed and synthesized by the Shengong Company (Shanghai, China). Small nucleolar RNA-U6 was used as an internal control. negative control (Cat. no.1022076) were purchased from Qiagen (Venlo, Limburg, the Netherlands). MiRNA ASO, miRNA mimics, ESRRG siRNA and respective negative controls were transfected into cells at a concentration of 50 nM using Lipofectamine 2000 Transfection Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. Cells were collected for further experiments 48 h later. Cell proliferation assay. Cell proliferation was assayed by MTT assay as described previously. (26) (27) (28) After the treatment, cells (1 9 10 3 cells per well) were seeded into 96-well plates. The absorbance of the samples was measured with a spectrophotometer reader at 490 nm. Each assay was performed in triplicate and repeated three times independently.
Apoptosis analysis. For apoptosis analysis, the treated cells were harvested after 48 h, and then stained with PI-labeled and FITC-labeled anti-annexin-V antibody, and analyzed by FACS.
Western blot. After transfection, cells were subjected to western blot analysis with anti-ESRRG (1:100; Merck) or b-actin (1:1500; Santa Cruz Biotechnology, Dallas, TX, USA) antibodies. Cells were harvested and lysed in 0.5 mL of lysis buffer (10 mM Tris-HCl, pH 7.6, 5 mM EDTA, 50 mM NaCl, 30 mM sodium pyrophosphate, 50 mM NaF, 0.1 mM Na3VO4, 1% Triton X-100, 1 mM phenylmethyl sulfonyl fluoride and protease inhibitor cocktail (Roche Applied Science, Branford, CT, USA). Protein (20 lg) was separated by SDS-PAGE on 10% gels. The proteins were electrophoretically transferred to PVDF membranes (Millipore, Billerica, MA, USA) and incubated with primary antibody, followed by incubation with an HRP-conjugated secondary antibody (Santa Cruz Biotechnology). After washing with TBS, the bound antibodies were visualized by enhanced chemiluminescence (Pierce, Rockford, IL, USA).
MicroRNA targets prediction. TargetScanHuman (www.targetscan.org/vert_61) was applied to identify the potential target of miR-940. (29) (30) (31) (32) Estrogen-related receptor gamma 3 0 UTR reporter analysis. Reporter gene analysis in this study was performed by Shengong Company (Shanghai, China). Briefly, after the construction of estrogen-related receptor gamma (ESRRG) 3 0 UTR reporter plasmids (pRL-ESRRG), mutation in the miR-940 seed regions of the ESRRG 3 0 UTR was generated using the QuikChang Multi site-directed mutagenesis kit (Promega, Fitchburg, WI, USA). RL reporter plasmids (3.6 fmol) and pGL3-control (500 ng for normalization) (Promega, Madison, WI, USA) were transfected with Lipofectamine 2000 Transfection Reagent (Invitrogen, Carlsbad, CA, USA) into HEK293 (6 9 10 4 cells per well). Cells were collected after 48 h for assay using the Dual Luciferase reporter assay system (Promega, Madison, WI, USA). (33) Statistical analysis. Data was presented as the mean AE SD from at least three independent experiments. The difference between groups was analyzed using the two-tailed Student's ttest when only two groups were compared. The difference between groups was analyzed using ANOVA when three or more than three groups were compared. The Wilcoxon matchedpairs signed rank test was used to determine whether there was a statistically significant difference in the expression of miR- 940 between matched pairs. Correlation analysis was performed using Pearson's two-tailed correlation coefficient analysis. Overall survival of patients was determined using the Kaplan-Meier method. Statistical analysis was performed using SPSS software (version 16.0). P < 0.05 was considered significantly different.
Results
Lower level of miR-940 in hepatocellular carcinoma tissues correlated with reduced patient survival rate. Initially, the miR-940 levels in 23 HCC tissues were assayed by qRT-PCR, and the matched tumor adjacent normal tissues were used as controls. We found that there were 17 pairs with lower miR-940 levels in HCC tissues than in the matched tumor adjacent normal tissues (Fig. 1a) . The mean level of miR-940 in HCC tissues and the tumor adjacent normal tissues was calculated, and we found that the mean level of miR-940 in HCC tissues was lower than in tumor adjacent normal tissues (Fig. 1b) . To evaluate the significance of miR-940 in HCC, the prognoses of the 23 HCC patients were investigated, and statistical analysis with the Kaplan-Meier method revealed that lower miR-940 levels in HCC tissues significantly correlated with reduced patient survival rates (Fig. 1c) . The median value of all 23 cases was chosen as the cutoff point for separating miR-940 high-expression cases from miR-940 low-expression cases.
Overexpression of miR-940 inhibited hepatocellular carcinoma cell lines growth and induce cells apoptosis. To investigate the role of miR-940 in HCC, we studied the effect of miR-940 on cell proliferation and apoptosis of HCC cell lines in vitro. The levels of miR-940 in normal liver tissue and HCC cell lines were assayed by qRT-PCR. SMMC-7721 and Huh-7 cell lines showed lower miR-940 levels than other cell lines and normal liver tissues (Fig. 2a) . Thus, we transfected SMMC-7721 and Huh-7 with miR-940 mimics to overexpress the miR-940 levels in vitro (Fig. 2b) . Then the cell proliferation was evaluated by MTT analysis, and we found that overexpression of miR-940 inhibited the proliferation of SMMC-7721 and Huh-7 cells (Fig. 2c) . Next, cell apoptosis were evaluated by FACS analysis, and we found that overexpression of miR-940 upregulated the apoptosis rate in both cell lines (Fig. 2d) .
Suppression of miR-940 promoted hepatocellular carcinoma cell line growth and inhibited cells apoptosis. As L-02 and HepG2 showed a relatively higher level of miR-940, we downregulated the miR-940 level in L-02 and HepG2 cells by miR-940 ASO transfection (Fig. 3a) . Similarly, the cell proliferation was evaluated by MTT analysis, and we found that suppression of miR-940 promoted the proliferation of L-02 and HepG2 cells (Fig. 3b) . Next, 48 h after miR-940 ASO transfection, the cell apoptosis was revealed by FACS analysis, and we found that miR-940 ASO transfection led to a reduced cell apoptosis rate (Fig. 3c) .
The estrogen-related receptor gamma gene was targeted by miR-940. To investigate the potential target genes of miR-940 involved in HCC, bioinformatics algorithms were applied to predict the target genes. Many genes were predicted (data not shown), including ESRRG. A recent study showed that the miR-545 ⁄ 374a cluster was partially responsible for the poor prognosis for HCC patients, and ESRRG had a reverse correlation with the expression of miR-545. (34) Thus, ESRRG was chosen for further study. The binding sites and mutated sites in ESRRG are shown in Figure 4 (a). The intact 3 0 UTR of ES-RRG and its mutated version were cloned into luciferase reporter plasmids, which were used for co-transfection with miR-940 into HEK293 cells. We found that miR-940 reduced the luciferase activity of wild type 3 0 UTR reporter, while the difference between miR-NC and miR-940 in the luciferase activity of reporter with mutated version was not significantly The RL reporter plasmids (RL-control, RL-ESRRG and RL-mutated ESRRG) and miR-940 or miR-NC were co-transfected into HEK293 cells, along with a firefly luciferase reporter (pGL control) for normalization. Luciferase activities were measured after 48 h. Then the ratio of RL activity of firefly luciferase activity in the miR-940 treated group were calculated and compared with the ratio in the miR-NC group, which was arbitrarily defined as 100% (b). Following 48 h transfection of miR-940 mimics, the HEK293 cells were collected for ESRRG protein level assay by Western blot (c). ESRRG mRNA levels and miR-940 levels in 10 HCC tissues were analyzed by qRT-PCR, the correlation between ESRRG mRNA and miR-940 was analyzed by twotailed Person's correlation coefficient analysis (d).
All data are mean AE SD of three separate experiments. *P < 0.05. different (Fig. 4b) . Next, 48 h after transfection of miR-940 mimics, the ESRGG protein level in HEK293 cells was assayed by western blot analysis, and we found that miR-940 mimics significantly inhibited the ESRGG protein level (Fig. 4c) . Furthermore, the ESRGG mRNA expression in the 10 HCC tissues were examined by qRT-PCR, and we found that the ESRGG mRNA level and the miR-940 level were negatively correlated (Fig. 4d) .
Suppression of estrogen-related receptor gamma inhibited hepatocellular carcinoma cell lines growth and induce cells apoptosis. To further investigate the role of ESRRG in HCC, we downregulated the ESRRG level in SMMC-7721 and Huh-7 cells by ESRRG siRNA (si-ESRRG) transfection, and found that si-ESRRG-1 showed the most effectiveness (Fig. 5a ). In addition, the western blot analysis showed that si-ESRRG-1 inhibited the ESRRG protein level significantly (Fig. 5b) . Thus, si-ESRRG-1 was used in the next experiments. The cell proliferation was then evaluated by MTT analysis, and we found that downregulation of ESRRG inhibited the proliferation of SMMC-7721 and Huh-7 cells (Fig. 5c) . Next, 48 h after si-ESRRG-1 transfection, the cell apoptosis was revealed by FACS analysis, and we found that si-ESRRG-1 transfection caused the increased cell apoptosis rate (Fig. 5d ).
Discussion
In our study, we investigated the role of miR-940 in HCC, and found that a lower level of miR-940 in HCC promoted cellular proliferation in HCC. The roles of miRNA in HCC have been investigated in previous studies. Hou et al. (35) studied the miRNomes in HCC and reveal that miR-199a ⁄ b-3p is a potential therapeutic target for HCC. Li et al. (36) show that miR-99a was remarkably decreased in HCC tissues and cell lines, and lower miR-99a expression in HCC tissues was significantly correlated with shorter survival of HCC patients. Our data may add new miRNA makers in the miRNomes of HCC.
Recent studies prove that miR-940 is intensively involved in HCC. MiR-940 exhibits tumor suppression function in nasopharyngeal carcinoma cells by downregulating nestin (24) and inhibits the migratory and invasive potential of cells. (25) Our data also indicate the protection role of miR-940 in HCC. However, the targeted gene in our study was ESRRG.
The estrogen receptor-related receptor (ESRR) can bind to the estrogen response element. Previous researchers found that ESRRA, a member of ESRR, can promote p53 gene expression and induce HCC progression in female patients. (37) Another study shows that miRNA 545 is higher in male HCC patients compared to female HCC patients, and the ESRRG gene had a reverse correlation with the expression of miR-545. (34) Here our data indicated that miR-940 could target ESRRG and the reverse correlation between miR-940 and ES-RRG. These data reveal that miR-940 may play a role in the gender disparity of HCC. We will investigate this in a future study.
Hepatitis B virus infection is a major risk factor for HCC. (38) Hou et al. (35) applied massively parallel signature sequencing to carry out an in-depth analysis of the miRNomes in normal human liver, hepatitis liver and HCC, and found that the three types of tissue showed different miRNA profiles. We suppose that miR-940 may play an important role in the carcinogenesis of HBV-related HCC, which requires further investigation.
In conclusion, we studied the role of miR-940 in HCC, and found that a lower level of miR-940 in HCC tissues correlated with a reduced patient survival rate. Overexpression of miR-940 inhibited HCC cell line growth and induced cell apoptosis, and vice versa. The ESRRG gene was targeted by miR-940. Suppression of ESRRG inhibited HCC cell line growth and induced cells apoptosis. We hope that our study will provide some hints for further HCC research.
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